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physics sensitivity
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Open questions In neutrino physics
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* Connected to many interesting
theoretical questions

Two mass scales
|Am?| ~2 x 103 eV?
Am?, ~7 x 10°eV?
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« L=1285 km; E = 2.5 GeV (broad band); liquid argon
time projection chamber (LArTPC)

* Unprecedented intensity neutrino beam (1.2 - 2.4 MW)
* Near detector system at Fermilab
* 4 x 17 kt far detector modules at SURF
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N. events / GeV

Far Detector (FD)
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* 4 x 17 kt modules, minimum 10 kt FV
each (initial 2 x LAr) ) A e

* Full FD1 simulation and reconstruction: ;’; ﬂ
PRD102, 092003 (2020) 2 Jps

Four samples in analysis: v &V, & @8
iInv and v enhanced modes



https://arxiv.org/abs/2006.15052

Near Detector (ND)

Core requirements:
e Constrain neutrino flux

« Constrain v/v-Ar interactions

* Exceed FD energy resolutions

 Tolerate high rate environment

~
- A
I
rrrrrrr

DUVE

BERKELEY LAB



Near Detector (ND)

Core requirements:
e Constrain neutrino flux
« Constrain v/v-Ar interactions

* Exceed FD energy resolutions

* Tolerate high rate environment

Three major components:
1 - Core 150 t LArTPC with pixelated readout
2 - Downstream magnetized tracker

3 - SAND: dedicated beam monitor

See J. Wolcott’s talk

ND CDR: Instruments 2021, 5(4), 31
See Z. Vallari’s talk
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https://indico.fnal.gov/event/53004/contributions/245851/
https://www.mdpi.com/2410-390X/5/4/31
https://indico.fnal.gov/event/53004/contributions/247027/

Analysis summary

Flux prediction
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Interaction model

Oscillations
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Muon (anti)neutrino disappearance
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Electron (anti)neutrino appearance
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i (s, — aL) Sign change
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0.14F  Neutrinos W, = w2 0.14F  Antineutrinos Ws., = w2
0.12 :\Iisrfr;l:‘omering Hoce=0 0.125— Li&&l:lnordering Hsce=0

D‘Scp=7d2

o= Spectral

S G measurement
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disentangle effects
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v +V, per 0.5 GeV

v +7, per 0.5 GeV

MO sensitivity

900 ;— DUNEFD v, -eeeee NO 5, =-n/2
suog— St:itn:{::r:(::ly - :g gz: : ?”2
7005_ v-mOdfe, ------ 0 Bcp='mr2 40: DUNE Sensitivity e 336 kt-MW-years
so0E" - All Systematics 624 kt-MW-years
500;— . - 35 _—Norma| Ordering e \ledian of Throws
a00F- Ll yThy 9 - sin20,, = 0.088 +0.003 (o varaions of %
300;— : I ,__:'""'*--:_'_f:: = 30 ;04 = sinzﬁzs <06 ::a:::::;;:::e:a:::ters 8
200F- o z 2 2 2
1005— o 25:.‘_ AX o XIO o XNO 8
T S T S a— ok ~
Reconstructed E, (GeV) E 20k 8
foueroy, NO &, = -n/2 E 9
S TNo 82 e 15F ©
wf V-mode 10 8cp =112 ’ oS
- 10F
150 + -
1005_ '"5 Et--i-"-"—":- 5:—-— ................................................................................................
I~ - e 0:...|...|...1..,|...|...|...|...|...|...
F -1 0.8-06-04-02 0 0.2 04 06 08 1
i S e S a— Ocp/m
Reconstructed E, (GeV)
Unrivaled ability to resolve the mass ordering:
* Regardless of other parameter values
* Without reliance on other oscillation parameter inputs
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MO sensitivity

DUNE Simulation DUNE Simulation
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Strong MO potential with short exposures
Probability < 0.01 to prefer the wrong neutrino mass
ordering after 66 kt-MW-yr
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v +V, per 0.5 GeV

v +7, per 0.5 GeV

CPV sensitivity
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>50 discovery potential for >50% of o_, values

No prior knowledge of other oscillation parameters needed
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CPV sensitivity

DUNE Simulation DUNE Simulation
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Syst.+stat. throws exceeding 1-50 significance thresholds
=100 kt-MW-yr, 30 at maximal o,

=200 kt-MW-yr, 3o for 50% of o _, values
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A sprinkle more statistical rigor

I DUNE Simulation DUNE Simulation

100 kt-MW-yr (76627 throws) - 197 kt-MW-yr (63400 throws)

----- 1o - 20 -----30 ----To - 20 -.--. 30

—W|th FC —Wlth FC —with FC 1 —W|th FC —W|th FC —with FC
. ] ] 1 -: ] ] i [ J_|._—|— |—;*.1: d ] 1 i

Fraction of throws ,
Fraction of throws

"I L L I-~- Ty T =
—1 -0.5 0 0.5 1
Ocp/ T

FC corrections don’t change the picture

(Computationally prohibitive above 30)
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0., resolution

45
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7-16° o, resolution regardless of true value

Not just CPV!
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DUNE precision measurements
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* Expected DUNE resolution vs exposure and current global fit
(NuFit 5.0: JHEP 09 (2020) 178)

« Ultimate sensitivity approaches reactor 6,

e« Constrain 0., Am?__, 0

op? - 0,, and MO with a single experiment
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DUNE oscillation summary

DUNE Simulation

Probability
S

Unambiguous MO measurement
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Broad spectral measurements will stress test the
U model — Is anything missing?

PMNS
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Part of a broader physics program!

Credit: Higgstan
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